Introduction
Braz J Med Biol Res 43 (1) 2010 www. Diphtheria is a life-threatening disease that can be prevented by immunization (1, 2) . The recommended vaccination schedule in Brazil consists of three doses of diphtheria-tetanus-pertussis (DTP) vaccine in the first year of life, followed by a booster dose at 5-6 years of age. In 2002, the Public Health Agency of Rio de Janeiro (3) reported a shift in the age distribution of cases of diphtheria to persons older than 15 years. Current information also indicates the circulation of Corynebacterium diphtheriae in our population, including cancer patients and healthy vaccinated adults (4, 5) .
In response to the huge epidemic that hit the countries of the Russian confederation in the early 1990's (8), the Brazilian Ministry of Health recommended, since 2004, an additional diphtheria-tetanus booster dose to be provided every 10 years (6). However, there are few published data regarding regular immunization coverage and the immunity of the Brazilian adult population (7) .
A survey carried out on serum samples collected from blood donors at a University Hospital of Rio de Janeiro from July to October 2002 (8) showed that a high proportion (~70%) of individuals from 18 to 30 years of age had nonprotective antibody levels against the diphtheria toxin. In view of the potential risk of low antibody levels in the adult population, these data highlight the need for additional seroepidemiological surveys in Brazil.
Due to the possibility of outbreaks of respiratory diphtheria among the military, several studies have been performed in order to assess the immune status of soldiers against diphtheria in different countries (9) (10) (11) (12) 
Diphtheria antibody measurement
Diphtheria toxin IgG-specific antibody titers were determined using a commercial ELISA kit with titers (IU/mL) calibrated against the WHO standard NIBSC 91/534, purchased from Immuno-Biological Laboratories (Germany). The titers were classified into three groups: <0.1 IU/mL, between 0.1 and 0.9 IU/mL and ≥1.0 IU/mL, respectively indicating unprotected, partially protected, and fully protected individuals (8) . ELISA showed 96% (98/102) specificity, 55.3% (21/38) sensitivity, 84% (21/25, 95%CI = 78-90) and 85% (98/115, 95%CI = 79-91) positive and negative predictive values, respectively, with correlation between neutralization test (antibody levels ≥0.1 IU/mL) and ELISA (titers ≥1 IU/mL) corresponding to k = 0.575 ± 0.081 (P < 0.001) (8) .
Statistical analysis
The levels of significance of the differences between serum antibody levels and groups were examined by the paired or unpaired t-test (parametric tests). The Mann-Whitney test was used for data that did not have a normal distribution. All analyses were performed with the GraphPad-Prism software, version 4.02. P < 0.05 was taken to be significant.
Results
The geometric mean of IgG anti-diphtheria toxin levels of the military and civilian population classified by age was similar (P > 0.05) for all age groups, ranging from 0.51 to 0.82 IU/mL. Although large, the difference in antibody levels between military donors aged 18-30 years (geometric mean = 0.82 IU/mL) and 41-64 years (geometric mean = 0.51 IU/mL) was not statistically significant (P = 0.053). There were no important differences in diphtheria antibody levels between males and females of the civilian or military groups.
The data in Table 1 show important differences (P > 0.05) in the percentage of individuals with diphtheria protective antibody levels in both the civilian and military groups. Most (63%) unprotected or partially protected military donors were from the older age group of 41 to 64 years. In contrast, the majority (71%) of young military donors (18 to 30 years) were fully protected against the disease. About half (43%) of the military donors aged 31 to 40 years were protected against diphtheria. Among the civilians, about 50% of the individuals from all age groups had diphtheria protective antibodies. Figure 1 shows a significant negative correlation between age and IgG levels for approximately 40% of the military donors. No important correlation between antibody levels and age was detected for civilians. According to our records of vaccination during adulthood, 24 military donors and 15 civilians reported that they received a booster dose from zero to 12 years after the primary immunization (mean of 4.2 years). Nonetheless, about half of the individuals remained only partially protected after the booster injection of diphtheria toxoid (DT) vaccine (data not shown). These data indicate that specific studies should be conducted to define the ideal revaccination schedule for the adult population, including the use of a booster dose with higher-antigen DT. 
Discussion
Despite the dramatic decline in the incidence of diphtheria after routine childhood immunization (2), studies from Europe (13) and North America (14) have shown that the adult population is not fully protected against the disease. During an epidemic in Eastern Europe the highest mortality rate (62%) was detected among persons aged 41 to 64 years (15) . Nowadays, booster doses of diphtheria toxoid in Brazil and many other countries are recommended every 10 years for adults, but this recommendation is not regularly enforced (6, 15) .
Protection against diphtheria is associated with the development of toxin neutralizing antibodies (16) . Due to the inherent technical difficulties in the determination of neutralizing antibody titers, in many cases commercially available ELISA kits are used to investigate IgG antibody levels to DT. The ELISA kit used in the present study was previously evaluated in our laboratory in relation to the toxin neutralization test in Vero cells (8) . The results indicated that IgG concentration determined by the kit used in this study is not accurate in detecting antibody titers below 0.1 IU/mL, as demonstrated earlier (17), suggesting that the percent of individuals not protected could be even higher than that reported here.
Our data indicate a significant difference in terms of serological protection against diphtheria between civilian and military blood donors. A greater percentage (71%) of young military donors (18 to 30 years) was protected compared to civilians (54%) of the same age group. The reasons for these differences could be due to a higher rate of compliance with booster vaccination in the young military group compared to civilians.
A previous survey (18) evaluating the serum toxin neutralizing antibodies in Brazilian blood donors showed that the highest percentage (41.6%) of subjects susceptible to diphtheria was in the age range of 41 to 50 years. In the present study, we observed that about 63% of military donors in the 41-to 64-year-old age group were not protected, compared to 36% of unprotected civilians. Therefore, the military donors aged 41 to 64 years investigated in the present study should receive a complete vaccination series or a booster dose of diphtheria vaccine as soon as possible.
Concerns also remain regarding the civilians, since only about 50% of these individuals from all age groups studied were protected. A study investigating human immunity to DT in São Paulo (2001 to 2003) showed that 82% of individuals aged 40 to 59 years were susceptible to the disease (19) . Overall, these data suggest that five years after the Brazilian Ministry of Health recommended additional booster doses to be provided every 10 years, the adult population in our country is not fully protected against diphtheria.
Diphtheria has been decreasing in Brazil since the 1990's, but the exact incidences of the disease are poorly recorded in most of the Brazilian states (20). Several factors may influence the maintenance of diphtheria protective antibody levels including the socio-economic status, the exposure of individuals to C. diphtheriae, and the adherence to revaccination campaigns. In fact, McQuillan et al. (14) reported that at each increasing level of education, a higher percentage of individuals had protective antibodies to diphtheria and tetanus toxins. In contrast, persons living at or above the poverty level were less likely to be protected from diphtheria. The toxoid concentration may also influence the immunogenicity of the vaccine. In a recent outbreak of diphtheria among military trainees, the risk of disease was lower and Figure 1 . Correlation between antibodies to diphtheria and age. A significant (P = 0.016) negative correlation coefficient (r = -0.4) was demonstrated for antibodies versus age in the military group. For civilians, there was no association (r = 0.08; P = 0.6) between antibody concentration and age. diphtheria antitoxin levels were higher among trainees who received their last booster dose with higher-antigen DT instead of lower-antigen dT (12) .
In spite of the fact of the small sample size, the results of this study indicate that reliable data on the immune status of the population should be maintained routinely. Data described here emphasize that more effort is required to encourage diphtheria vaccination boosters for military and civilian adults, especially for the 41-to 64-year age stratum in our community.
